A new picrotoxane sesquiterpene glucoside, dendrobinoside A (1), and three known secondary metabolites dendronobilin G (2), dendromoniliside D (3), massonside A (4) were isolated from the stems of Dendrobium nobile Lindl.. Their chemical structures were elucidated on the basis of HR-ESI-MS, NMR spectroscopic data and comparison with reported values. Chemical structure of new compound was further investigated via its aglycone by enzymatic hydrolysis.
The stems of numerous Dendrobium species (Orchidaceae family) have been used for thousands of years as a tonic and become popular functional food products worldwide. Phytochemical investigations have been done with more than forty Dendrobium species in the past 80 years and lead to isolation of alkaloids, sesquiterpenoids, phenolics, and polysaccharide components [1] . Sesquiterpenoids, particularly picrotoxane-type sesquiterpenes are a group of highly complex chemical structures, mostly in form of bicyclic or tricyclic fused system containing at least five stereogenic centers. They were recognized to be characteristic chemical components of Dendrobium genus [1a] . In this paper, we report the isolation and structure determination of four sesquiterpenoids (1-4) with a new picrotoxane-type sesquiterpene glucoside from the stems of D. nobile Lindl. (Figure 1 ). These compounds were found weak inhibitory effects on NO production in LPS stimulated macrophages.
Compound 1 was isolated as a white amorphous powder. HR-ESI-MS analysis of 1 revealed a pair of quasi-molecular ion peaks at m/z 447.2223 [M+H] + (calcd for C 21 H 35 O 10 , 447.2230) and 469.2037 [M+Na] + (calcd for C 21 H 34 O 10 Na, 469.2050) which was indicated its molecular formula to be C 21 H 34 O 10 , showing five indices of hydrogen deficiency. The 13 C NMR spectrum of 1 appeared signals of 21 carbons and divided into two non-protonated carbons, 12 methines, five methylenes, and two methyl carbons by HSQC spectrum. Of these, an anomeric carbon δ C 104.5 (C-1′) and five carbinol carbon signals δ C 75.1 (C-2′), 78.2 (C-3′), 71.6 (C-4′), 78.0 (C-5′), and 62.8 (C-6′) were assigned to a glucopyranosyl unit. Also, the continuous COSY cross peaks of H-1′ (δ H 4.28)/H-2′ (δ H 3.21)/H-3′ (δ H 3.35)/H-4′ (δ H 3.29)/H-5′ (δ H 3.28)/H-6′ (δ H 3.89, 3.68) were supported for assignment of sugar moiety. Remaining 15 carbons were belonged aglycone moiety and hence suggested it to be a sesquiterpene skeleton. Moreover, signals of lactone functional group (δ C /δ H 181.7, 86.3/4.86) expected compound 1 to be a picrotoxane lactone, the most common sesquiterpenoid isolated from Dendrobium genus [1a, 2] . In the 1 H NMR of 1, two methyl groups were observed at δ H 1.17 (3H, s) and 0.96 (3H, d, J = 6.8 Hz). The HMBC correlation between singlet methyl protons H-10 (δ H 1.17) and oxygenated methine carbon C-2 (δ C 73.5) indicated a hydroxy group at C-2. A lactone bridge between C-3 and C-15 was , C-2 (δ C 73.5). Next, the HMBC correlations from H-10 (δ H 1.17), H-11 (δ H 3.58, 3.41) to C-1 (δ C 51.0), C-9 (δ C 46.8) and chemical shift of C-11 (δ C 63.4) demonstrated the location of free hydroxy group at C-11. On the other hand, the HMBC correlations from doublet methyl signal H-14 (δ H 0.96) to C-4 (δ C 50.9), C-12 (δ C 32.1), C-13 (δ C 75.2) and HMBC correlation of anomeric proton H-1′ (δ H 4.28)/C-13 indicated O-glycoside linkage at C-13 ( Figure  1 ). Consequently, a planar structure of 1 was established and named as dendrobinoside A. Due to containing eight chiral carbon atoms and a unique 5/6/5-tricyclic fused system, chemical structure of 1 was further elucidated by chemical degeneration. Compound 1 was subjected to acid hydrolysis to give its sugar portion. Obtained D-glucose was confirmed by GC analysis of its trimethylsilyl derivative in comparison with authentic D-and L-glucose prepared in a similar manner [3] . Aglycone portion (1a) was obtained at mild condition by enzymatic hydrolysis and then purified by preparative TLC. The 1D-and 2D-NMR spectra of 1a were recorded. Chemical structure of 1a was determined to be dendronobilin E by the identical NMR data (Table 1) and optical rotation sign [2] .
Other compounds were determined to be dendronobilin G (2) [4] , dendromoniliside D (3) [5] , massonside A (4) [6] . There NMR data was well consisted with the literature . Obtained compounds 1-4, 1a were evaluated their effects on NO production in LPS stimulated RAW 264.7 cells [7] . At a concentration of 20 µM, all compounds exhibited weak inhibitory activity. Their inhibitory rates were from 5.8 to 21.2%). 
Extraction and isolation:
The dried and powdered D. nobile Lindl. stems (5.0 kg) were macerated and sonicated with methanol for three time (each 10 L, 60 minutes at 40°C). After filtration, solvent was removed in vacuo to give a dark solid methanol extract (280 g).
This extract was suspended in water (2 L) and successively separated with dichloromethane, ethyl acetate to yield corresponding dichloromethane extract (150 g), ethyl acetate extract (32 g), and water layer. The ethyl acetate extract was roughly fractionated by silica gel column chromatography (CC), eluting with gradient solvent system of dichloromethane/methanol (0-100% methanol) to give eight fractions E1-E8. Fraction E6 (4.3 g) was loaded to a silica gel CC and eluted with acetone/dicloromethane/ water (4/2/0.1, v/v/v) to give five fractions E6A-E6E. Fraction E6B (0.7 g) was purified on a RP-C18 resins CC, eluting with methanol/water (2/3, v/v) to give compounds 1 (52 mg) and 3 (27 mg). Fraction E6C was also subjected to a RP-C18 resins CC and eluted with methanol/water (2/3, v/v) to obtain compound 2 (19 mg). Fraction E7 (5.1 g) was first chromatographed on a silica gel CC, eluting with dichloromethane/methanol/water (5/1/0.1, v/v/v) and then further purified on a RP-C18 resins CC, eluting with acetone/water (1/2, v/v) to give compound 4 (24 mg). 
Enzymatic hydrolysis of 1:
Compound 1 (30 mg) was dissolved in 3 mL of methanol/water (1/1, v/v) and mixed with 3 mL solution of β-cellulase (50 mg) in citrate buffer (0.1 M, pH = 5.0). Reaction mixture was performed at 37°C for 3 days. After that, solution was extracted with ethyl acetate. Organic layer was concentrated to dryness and chromatographed by preparative TLC using dichloromethane /methanol (7/1, v/v) to give aglycone 1a (11 mg).
Compound 1a
White amorphous powder. Supplementary data: HR-ESI-MS and NMR spectra of compounds 1-4, 1a can be found in the online version.
